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2 Secondary i n t e r g r a d a t i o n  
(a)  range  f r agmen ta t ion  and i n t r o g r e s s i o n  a s s o c i a t e d  wi th  a  break 
down i n  
( i )  geographic  i s o l a t i o n  
( i i )  l o c a l  r ep roduc t ive  i s o l a t i o n  
( b )  l ong  d i s t a n c e  m i g r a t i o n  by 
( i )  seed d i s p e r s a l  
( i i )  p o l l e n  d i s p e r s a l  
Doss ih l e  examples of v i r t u a l l y  a l l  t he se  a l t e r n a t i v e s  can  be found i n  
t h e  Tasmanian e u c a l y p t s ,  and the  i n t r i c a t e  v a r i a t i o n  p a t t e r n s  i n  s p e c i f i c  
c o m p l e x e s  p r o b a b l y  i n t e g r a t e  t h e  f u l l  s p e c t r u m  o f  t h e s e  e v o l u t i o n a r y  
p r o c e s s e s .  
S e v e r a l  p o s s i b l e  e x a m p l e s  o f  p a r a p a t r i c  d i f f e r e n t i a t i o n  i n  t h e  
Tasmanian h igh  a l t i t u d e  e u c a l y p t s  have been r epo r t ed  (Barber  and Jackson 
1 9 5 7 ;  J a c k s o n  1960 ;  P o t t s  and  Re id  1 9 8 5 a , b ) .  The m o s t  d r a m a t i c  mus t  be 
t h e  c l i n e s  i n  v e r n i c o s a  d e t a i l e d  by J a c k s o n  ( 1 9 6 0 ) ,  f rom t h e  t a l l  
s u b a l p i n e  f o r e s t  form c l a s s i f i e d  a s  subsp. " johns ton i i "  (i.e. c l i ne - fo rms  
C C  . j o h n s t o n i i "  and "columnar is"  sensu Jackson 1960, Fig.  I ) ,  through subsp. 
" subc renu la t a "  (Fig. 2 t o  t h e  a l p i n e  sh rub  subsp. "vernicosa" ( P l a t e  3). 
The subsp. v e r n i c o s a  v a r i a n t  is  conf ined  t o  a l p i n e  s h r u b b e r i e s  on t h e  pre-  
Ca rbon i f e rous  mounta ins  o f  wes t e rn  Tasmania and is  a unique  euca lyp t  i n  
be ing  a  sh rub  and f r e q u e n t l y  r e p r o d u c t i v e l y  mature  when l e s s  t han  0.35 m 
high.  The continuum i n  5 v e r n i c o s a  i n v o l v e s  c l i n a l  v a r i a t i o n  i n  numerous 
morphologica l ,  ana tomica l ,  and growth  c h a r a c t e r s  which vary  as a response  
t o  i n c r e a s i n g  e x p o s u r e  t o  t h e  a l p i n e  e n v i r o n m e n t  ( F i g .  4 ) .  The f u l l  
spec t rum of  forms can be found i n  t he  cont inuous  s t a n d s  on M t  Arrowsmith,  
f o r  example,  where tinere is a  smooth a l t i t u d i n a l  t r a n s i t i o n  i n  morphology 
f r o m  t h e  t a l l  f o r e s t  v a r i a n t s ,  e m e r g e n t  above  a  d e n s e  r a i n f o r e s t  a t  t h e  
base ,  t o  t h e  suhsp.  ve rn i cosa  form i n  t h e  shrubbery  nea r  t he  summit ( ~ i ~ .  
5 ) .  
The f u l l  s p e c t r u m  of  v a r i a n t s  i s  r a r e l y  found  on a  s i n g l e  m o u n t a i n  
b lock  due t o  e i t h e r  a  l i m i t e d  a l t i t u d i n a l  range o r  e x c l u s i o n  from p a r t  of  
t h e  s e l e c t i v e  g r a d i e n t  b y  o t h e r  v e g e t a t i o n  ( e .g .  r a i n f o r e s t  - J a c k s o n  
1968;  K i r k p a t r i c k  and Harwood 1980) .  N e v e r t h e l e s s ,  v a r y i n g  s e c t i o n s  o f  
t h e  c o n t i n u u m  a r e  r e p e a t e d ,  w i t h  n e i g h b o u r i n g  m o u n t a i n s  f r e q u e n t l y  
d e m o n s t r a t i n g  p a r t s  o f  t h e  c l i n e  a b s e n t  on  a  g i v e n  m o u n t a i n .  
M o r p h o l o g i c a l  d i s c o n t i n u i t i e s  o n l y  a r i s e  when t h e  p o p u l a t i o n  i s  
d i s c o n t i n u o u s l y  d i s t r i b u t e d  a l o n g  t h e  e n v i r o n m e n t a l  g r a d i e n t .  I n  
a d d i t i o n ,  t h e  e x p o s u r e  g r a d i e n t  w h i c h  i s  u s u a l l y  a s s o c i a t e d  w i t h  
i n c r e a s i n g  a l t i t u d e  may be markedly d i s p l a c e d  b y  g e o g r a p h i c a l  p o s i t i o n ,  
a s p e c t  and  s o i l  f e r t i l i t y .  F o r  e x a m p l e ,  i n c r e a s e d  e x p o s u r e  on  t h e  
s o u t h e r n  and w e s t e r n  f l a n k s  of mountains causes  a  downward d i sp l acemen t  o f  
t h e  c l i n e ,  w i t h  t h e  lower  end be ing  d i s p l a c e d  by about  250 me t r e s  between 
n o r t h e a s t e r n  and sou thwes t e rn  a spec t s .  The c l i n e  is i n t e n s i f i e d  by l o c a l  
a r e a s  of i n f e r t i l i t y  and w a t e r l o g g i n g ,  whe re  t h e  a b s e n c e  of  p r o t e c t i v e  
dominants  g r e a t l y  i n c r e a s e s  exposure.  I n  c o n t r a s t ,  t h e  s tepped topography 
i n  e a s t e r n  T a s m a n i a  a s s o c i a t e d  w i t h  p l a t e a u x  d e v e l o p m e n t  r e s u l t s  i n  
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P i g s .  1-3. E u c a l y p t u s  v e r n i c o s a .  1 .  T a l l  f o r e s t  
t r e e  v a r i a n t  ( s u b s p .  " c o l u m n a r i s " ,  s e e  F i g .  1 1 ,  i n  a 
m i x e d  f o r e s t  a t  t h e  b a s e  o f  M t  A r r o w s m i t h .  2. The 
i n t e r m e d i a t e  c l i n e - f o r m  (subsp .  " s u b c r e n u l a t a " ,  r i g h t j  
w i t h  F c o c c i f e r a  ( l e f t )  i n  a  s u b a l p i n e  w o o d l a n d .  3 .  
The a l p i n e  s h r u b  v a r i a n t  ( s u b s p .  v e r n i c o s a  n e a r  t h e  
s u m m i t  o f  M t  A r r o w s m i t h  
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e x t e n s i v e  p o p u l a t i o n s  b e i n g  s t a b i l i z e d  a t  a s i m i l a r  a d a p t i v e  l e v e l .  T h i s  
i s  a l s o  s e e n  i n  E. g u n n i i  where  c l i n e s  a s s o c i a t e d  w i t h  i n c r e a s i n g  exposure  
t o  t h e  a l p i n e  e n v i r o n m e n t  o n  t h e  C e n t r a l  P l a t e a u  d i r e c t l y  r e f l e c t  t h e  
u n d e r l y i n g  topography  (F ig .  6 ) ,  w i t h  l o c a l  s t e e p e n i n g  o f  t h e  c l i n e s  be ing  
a s s o c i a t e d  w i t h  s t e p s  between,  e r o s i o n  s u r f a c e s .  I n  t h e  c a s e  of  E. g u n n i i ,  
t h e  w i d e l y  d i s t r i b u t e d  o p e n  w o o d l a n d  f o r m  a r o u n d  G r e a t  Lake  was g i v e n  
s p e c i f i c  s t a t u s  (k d i v a r i c a t a ,  B r e t t  1938), a l t h o u g h  when viewed i n  t h e  
c o n t e x t  o f  t h e  f u l l  r a n g e  o f  v a r i a t i o n  w i t h i n  E. g u n n i i  ( P o t t s  a n d  R e i d  
- - 
cm -- 
vern icosa  p a r v u l a  subcrenulata  co lumnar is  johnstoni i  
increas ing  alt itude 
- S.E. 
geographic  c l i n e  
Fig. 4. T y p i c a l  l e a v e s ,  b u d s  a n d  f r u i t s  o f  t h e  c l i n e  
f o r m s  o f  v e r n i c o s a  s h o w i n g  t h e  g r a d i e n t  i n  
c h a r a c t e r s  a l t i t u d i n a l l y  ( f r o m  c e n t r e  t o w a r d s  l e f t )  
a n d  w i t h  g e o g r a p h i c a l  d i s p l a c e m e n t  ( f r o m  c e n t r e  
t o w a r d s  r i g h t )  ( f rom J a c k s o n  1960) 
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1 9 8 5 a , b )  t h e s e  p o p u l a t i o n s  c l e a r l y  r e p r e s e n t  a n  e x t e n s i v e  p a t c h  o f  a n  
i n t e r m e d i a t e  c l i n e - f o r m .  However t h e r e  i s  a l s o  e v i d e n c e  f o r  p a r t i a l  
b a r r i e r s  t o  g e n e  f l o w  a l o n g  t h i s  e x p o s u r e  c l i n e  and t h e  " d i v a r i c a t a "  
s t a n d s  a r o u n d  G r e a t  Lake f l o w e r  o v e r  1.5 months  e a r l i e r  t h a n  c o n t i g u o i l s  
s t a n d s  a t  h i g h e r  and lower  a l t i t u d e s  (Fig. 5). 
S t e p p e d  c l i n e s  have  a l s o  been  d e s c r i b e d  i n  & u r n i g e r a  ( ~ a r b e r  and 
Jackson 1958; Barber  1965; Thomas and Barber 197Aa,b), a  s p e c i e s  c l o s e l y  
r e l a t e d  t o  E. g u n n i i .  Over a  s m o o t h  a l t i t u d i n a l  c h a n g e  o f  a b o u t  200 m 
( l e s s  t h a n  1 km ground  d i s t a n c e )  on M t  W e l l i n g t o n ,  t h e r e  i s  a  c o m p l e t e  
t r a n s i t i o n  i n  t he  f requency of g laucous  phenotypes (Fig.  7) .  Phenotypes 
i n  a  c l o s e d ,  wet s c l e r o p h y l l  f o r e s t  at t h e  l ower  a l t i t u d i n a l  range  (560- 
670 m) a r e  uni formly  g reen  whi le  t hose  nea r  the  t r e e l i n e  (900-1050 m )  a r e  
ARROWSMITH 
Pr.-C.zmbtim qua11z11.1 
an6 ichi.1. 
An. Ralnlall c .  100 Inches 
CHAINS 
4cQ 5 0 0  
METRES 
-1750 
500- 
Fig. 5. C l i n a l  v a r i a t i o n  i n  h e i g h t ,  h a b i t  and  l e a f  
morphology i n  t h e  con t inuous  s t a n d s  of & v e r n i c o s a  on 
t h e  s o u t h e r n  s l o p e  o f  M t  A r r o w s m i t h  i n  w e s t e r n  
Tasmania (from Jackson 1960) 
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u n i f o r m l y  g l a u c o u s .  I t  i s  p o s s i b l e  t h a t  t h e  s t e e p e n i n g  o f  t h e ' c l i n e  i n  
g l a u c o u s n e s s  is  a  r e s p o n s e  t o  a  s t e p  i n  a  p r i m a r y  s e l e c t i v e  g r a d i e n t  which 
i s  n o t  l i n e a r l y  r e l a t e d  t o  a l t i t u d e .  More l i k e l y ,  h o w e v e r ,  t h i s  s t e e p  
c l i n e  r e s u l t s  f r o m  c o n v e r g e n c e  t o w a r d  a n  e q u i l i b r i u m  p o s i t i o n  a l o n g  a n  
e n v i r o n m e n t  g r a d i e n t .  Endle r  (1977, p. 164), u s i n g  e s t i m a t e s  of t h e  c l i n e  
p a r a m e t e r s ,  h a s  s h o w n  t h a t  t h e  o b s e r v e d  c l i n e  i s  b e t t e r  f i t t e d  t o  a  
g r a d i e n t  t h a n  a n  e c o t o n e  m o d e l .  E x t r e m e  m o r p h s  a l o n g  t h i s  c l i n e  a r e  
P i g .  6 .  C l i n a l  v a r i a t i o n  i n  E.  g u n n i i  a l o n g  a n  
a l t i t u d i n a l  t r a n s a c t  on t h e  C e n t r a l  P l a t e a u ,  Tasmania. 
(a), P o p u l a t i o n  m e a n s  a n d  95% c o n f i d e n c e  l i m i t s  f o r  
t h e  f i r s t  c a n o n i c a l  v a r i a t e  d e r i v e d  from a n a l y s i s  of 
a d u l t  l e a f  dimensions ( s o l i d  c i r c l e s )  a n d  t h e  mean 
+ E f l o w e r i r i g  t i m e  i n  t h e  1980 s e a s o n  ( o p e n  
c i r c l e s ) .  (b), T o p o g r a p h i c  c r o s s  s e c t i o n .  ( c ) ,  L e a f  
and i n f l o r e s c e n c e  i d e o g r a m s  based  on c h a r a c t e r  means 
( f rom P o t t s  and Reid 1985a)  
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Pig. 7. C l i n a l  v a r i a t i o n  i n  g l a u c o u s n e s s  i n k u r n i g e r a  on  N t  
W e l l i n g t o n ,  T a s m a n i a  ( m o d i f i e d  f r o m  B a r b e r  a n d  J a c k s o n  1957) .  
E l e c t r o n  m i c r o g r a p h s  o f  t h e  a d a x i a l  s u r f a c e  o f  young s e e d l i n g  
l e a v e s  f r o m  g r e e n  ( l e f t )  and g l a u c o u s  ( r i g h t )  v a r i a n t s  and 
i d e o g r a m s  of i n f l o r e s c e n c e s  and a d u l t  (X 0.34) and s e e d l i n g  
l eaves .  Ideograms a r e  based on c h a r a c t e r  means from popu la t ion  
samples  from t h e  l ower  and upper a l t i t u d i n a l  l i m i t s .  Cha rac t e r s  
e x h i b i t i n g  s i g n i f i c a n t  d i f f e r e n c e s  between g reen  and g laucous  
p h e n o t y p e s  a r e  l i s t e d  and t h e i r  d i r e c t i o n  o f  i n c r e a s e  i s  
i n d i c a t e d  ( d a t a  c o m p i l e d  f r o m  B a r b e r  and  J a c k s o n  i 957;  B a r b e r  
1965; Thomas and Barber 1974a,b,  and unpuh. d a t a )  
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d i f f e r e n t i a t e d  i n  n u m e r o u s  c h a r a c t e r s  o t h e r  t h a n  g l a u c o u s n e s s  ( ~ i g .  7 )  
a n d ,  w h i l e  t h e i r  e x a c t  p a t t e r n  o f  r e s p o n s e  is n o t  f u l l y  known,  B a r b e r  
( 1  9 6 5 )  n o t e d  t h a t  s u c h  c o r r e l a t e d  c l i n e s  may r e s u l t  f r o m  e i t h e r  
p l e i o t r o p i c  gene  a c t i o n  o r  s e p a r a t e  a c t s  o f  s e l e c t i o n .  Whi le  t h e  l a t t e r  
i s  a s s u m e d  f o r  t h e  c l i n e  i n  & u r n i g e r a  ( B a r b e r  1 9 6 5 ) ,  i n  E.  g u n n i i  
p a r a l l e l  m u l t i - c h a r a c t e r  c l i n e s  a p p e a r  t o  i n v o l v e  c h a r a c t e r s  w h i c h  a r e  
p l e i o t r o p i c a l l y  o r  d e v e l o p m e n t a l l y  i n t e r - r e l a t e d  as w e l l  as c h a r a c t e r s  
which  a r e  " s e l e c t i v e l y  l i n k e d "  ( P o t t s  and Reid 1985b).  
EVOLUTION OF REPRODUCTIVE ISOLATION 
B a r b e r  (1965) s u g g e s t e d  t h a t  c o r r e l a t e d  s e l e c t i o n  w i l l  t end  t o  s t e e p e n  
i n d e p e n d e n t  c l i n e s ,  p a r t i c u l a r l y  a round  a d i s c o n t i n u i t y  o r  s t e p  i n  h a b i t a t  
o r  a r o u n d  l o c a l  s t e p s  i n  a  g e n e t i c  c l i n e  o f  h i g h  a d a p t i v e  v a l u e  (e .g .  
g l a u c o u s n e s s ) .  He i n f e r r e d  t h a t  c o n c o r d a n t  s t e e p  c l i n e s  a r e  b u t  a  s t e p  
away  from p a r a p a t r i c  s p e c i a t i o n .  I t  i s  a r g u e d  t h a t  a s  c o n c o r d a n t  c l i n e s  
s t e e p e n ,  an i n c r e a s i n g  number o f  i n d i v i d u a l s  o r  g a m e t e s ,  d i f f e r i n g  i n  a n  
i n c r e a s i n g  number o f  s e l e c t i v e l y  c o r r e l a t e d  a l l e l e s ,  w i l l  d i s p e r s e  i n t o  a n  
u n f a v o u r a b l e  e n v i r o n m e n t ,  t h u s  i n c r e a s i n g  t h e  s e l e c t i v e  p r e s s u r e  f o r  a 
r e d u c t i o n  i n  g e n e  f l o w .  H o w e v e r  C r o s b y  ( 1 9 7 0 )  a r g u e d  t h a t  s e l e c t i o n  t o  
r e d u c e  t h e  d i s r u p t i v e  e f f e c t  o f  gene  f l o w  is a  s e c o n d - o r d e r  e v e n t  and i s  
l i k e l y  t o  b e  l e s s  e f f e c t i v e  t h a n  t h e  d i r e c t  s e l e c t i o n  p r o c e s s e s  n o r m a l l y  
e n c o u n t e r e d .  T h i s  w i l l  be t h e  c a s e  p a r t i c u l a r l y  where d e n s i t y - d e p e n d e n t  
s e l e c t i o n  is i m p o r t a n t  ( B a r b e r  1 9 6 5 ) .  Whi le  e q u i l i b r i u m  models  s u g g e s t  
t h a t  p a r a p a t r i c  s p e c i a t i o n  is p o s s i b l e  (e.g. C a i s s e  and Antonovics  1978), 
t h e  l a t t e r  p h a s e  o f  t h i s  p r o c e s s  i s  p r o b a b l y  h i g h l y  s e n s i t i v e  t o  
f l u c t u a t i o n s  i n  t h e  u n d e r l y i n g  s e l e c t i v e  r e g i m e  a n d ,  i n  l o n g - l i v e d  
t e m p e r a t e  f o r e s t - t r e e  s p e c i e s  s u c h  a s  e u c a l y p t s ,  i t  is  u n l i k e l y  t h a t  t h e r e  
h a s  been s u f f i c i e n t  e n v i r o n m e n t a l  s t a b i l i t y  i n  r e c e n t  g e o l o g i c a l  t i m e s  t o  
a l l o w  c o m p l e t i o n  o f  t h e  p r o c e s s  e n v i s a g e d  by B a r b e r  (1965).  T h i s  problem 
would be a c c e n t u a t e d  a l o n g  g r a d i e n t s ,  a s  opposed t o  e c o t o n e s ,  where s l i g h t  
f l u c t u a t i o n s  i n  t h e  u n d e r l y i n g  s e l e c t i v e  r e g i m e  may c a u s e  l a r g e  g e o g r a p h i c  
s h i f t s  i n  t h e  n u l l  p o i n t s  o f  c l i n e s  ( s e e  P o t t s  1985b). 
A more r a p i d ,  and p o s s i b l y  more common, mechanism h a s  been d e t a i l e d  by 
P o t t s  a n d  R e i d  ( 1 9 8 5 a ) ,  a n d  w o u l d  e x p l a i n  t h e  p a r t i a l  b a r r i e r s  t o  g e n e  
f l o w  w h i c h  w o u l d  a r i s e  f r o m  t h e  s t e e p  c l i n e s  i n  f l o w e r i n g  t i m e  w h i c h  
p a r a l l e l  t h e  p h e n e t i c  c l i n e s  i n  E. g u n n i i  ( F i g .  6 ) .  T h e  c l i n e s  i n  
f l o w e r i n g  t i m e  a r e  s u g g e s t e d  t o  r e s u l t  f r o m  d i r e c t  a d a p t a t i o n  o f  t h e  
r e p r o d u c t i v e  s y s t e m  t o  t h e  same e c o l o g i c a l  g r a d i e n t ,  w i t h  a  r e d u c t i o n  i n  
g e n e  f l o w  b e i n g  i n c i d e n t a l .  R e g a r d l e s s  o f  w h e t h e r  t h e  i n i t i a l  p a r t i a l  
b a r r i e r  i s  g e n e t i c  o r  p l a s t i c ,  i t  may b e  s i g n i f i c a n t  i n  i n c r e a s i n g  t h e  
r a t e  of  d i f f e r e n t i a t i o n  and e s t a b l i s h i n g  concordance  o f  i n d e p e n d e n t  c l i n e s  
(e.g. E n d l e r  1977). Where s t r o n g  g r a d i e n t s  i n i t i a t e  s i m u l t a n e o u s  c l i n a l  
v a r i a t i o n  i n  many c h a r a c t e r s ,  r e d u c e d  g e n e  f l o w  i s  p r o b a b l y  common, 
e n h a n c i n g  t h e  r a t e  o f  d i v e r g e n c e  a n d  f o r m i n g  a  f o u n d a t i o n  f o r  t h e  
e v o l u t i o n  of  more s t a b l e  i s o l a t i n g  mgchanisms. 
THE ROLE OF SELECTION 
Whi le  t h e r e  is no unambiguous e v i d e n c e  t o  f u l l y  d i s m i s s  t h e  h y p o t h e s i s  
o f  s e c o n d a r y  i n t e r g r a d a t i o n ,  t h e r e  i s  l i t t l e  d o u b t  t h a t  t h e  c l i n e s  
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d e t a i l e d  a r e  a d a p t i v e ,  and t h a t  d i s r u p t i v e  s e l e c t i o n  i s  a  p r i m e  f a c t o r  
m a i n t a i n i n g  d i f f e r e n t i a t i o n .  F o r  t h e  v e r n i c o s a  c l i n e s ,  t h i s  i s  
evidenced by t h e  c l o s e  a s s o c i a t i o n  of t he  phene t i c  v a r i a n t s  w i t h  v a r i a t i o n  
i n  e c o l o g i c a l  f a c t o r s  ( i . e .  e x p o s u r e  t o  t h e  a l p i n e  e n v i r o n m e n t ) ,  a n  
a s s o c i a t i o n  which is repea t ed  w i t h i n  numerous  i s o l a t e d  p o p u l a t i o n s  and 
m a i n t a i n e d  o v e r  240 km of  l a t i t u d e  and 8 0  km of  l o n g i t u d e .  T h e r e  i s  no 
i n d i c a t i o n  of  i n c r e a s e d  v a r i a b i l i t y  i n  i n t e r m e d i a t e  r e g i o n s  of t he  c l i n e  
w h i c h  m i g h t  h e  e x p e c t e d  d u r i n g  t h e  e a r l y  s t a g e s  o f  s e c o n d a r y  
i n t e r g r a d a t i o n .  However t h e r e  i s  a  t r e n d  f o r  p o p u l a t i o n s  a t  h i g h e r  
a l t i t u d e s  t o  be t h e  more v a r i a b l e ,  e x p l a i n e d  by g r e a t e r  v a r i a t i o n  i n  
mic ro -c l ima te  a t  h igh  a l t i t u d e s  (Jackson 1960). I n  g u r n i g e r a ,  s e l e c t i o n  
c o e f f i c i e n t s  have been c a l c u l a t e d  by assuming t h e  c l i n e  i s  i n  equ i l i b r ium 
a n d  c o m p a r i n g  t h e  f r e q u e n c y  o f  g l a u c o u s  p h e n o t y p e s  i n  a d u l t s  and a n  
u n s e l e c t e d  s e e d l i n g  c o h o r t .  T h e s e  e s t i m a t e s  ( B a r b e r  and  J a c k s o n  1957; 
End le r  1977) i n d i c a t e  i n t e n s e  s p a t i a l  v a r i a t i o n  i n  s e l e c t i o n  c o e f f i c i e n t s .  
T h i s  v a r i a t i o n  m a i n t a i n s  t h e  c l i n e  between g reen  and g laucous  phenotypes 
d e s p i t e  a  5-1073 r e p r o d u c t i v e  l o s s  t h r o u g h  r e c i p r o c a l  i m m i g r a t i o n  o r  
s e g r e g a t i o n  of  u n f i t  gametes. Moreover, l a t e r  p h y s i o l o g i c a l  work (Thomas 
a n d  B a r b e r  1 9 7 4 a , b )  h a s  s u g g e s t e d  t h e  s p e c i f i c  a d a p t i v e  s i g n i f i c a n c e  o f  
v a r i a t i o n  i n  g l a u c o u s n e s s .  E x p e r i m e n t a l  g a r d e n s  e s t a b l i s h e d  a l o n g  t h e  
a l t i t u d i n a l  g r a d i e n t  i n  E. g u n n i i  h a v e  s i m i l a r l y  i n d i c a t e d  a  s e l e c t i v e  
d i f f e r e n t i a l  b e t w e e n  e x t r e m e  morphs .  S e e d l i n g s  f r o m  t h e  t r e e l i n e  
p o p u l a t i o n  a r e  u n a b l e  t o  c o m p e t e  w i t h  t h e  f a s t e r  g r o w i n g ,  low a l t i t u d e  
v a r i a n t s  a t  t h e  l a t t e r  s i t e ,  w h e r e a s  a t  t h e  t r e e l i n e ,  t h e r e  was g r e a t e r  
m o r t a l i t y  of s e e d l i n g s  from the  low a l t i t u d e  popu la t ions  t han  those  from 
t h e  t r e e l i n e  p o p u l a t i o n  ( P o t t s  1 9 8 5 ~ ) .  However ,  w h i l e  t h e s e  t r i a l s  
s u g g e s t  t h a t  d i f f e r e n t i a t i o n  w i t h i n  t hese  more o r  l e s s  cont inuous  s t a n d s  
i s  a t  l e a s t  p a r t l y  mainta ined  by d i s r u p t i v e  s e l e c t i o n ,  t h e r e  is no d i r e c t  
ev idence  a s  t o  whether  the  phene t i c  c l i n e s  a r e  a d a p t i v e  per o r  mere ly  
a s s o c i a t e d  w i t h  o t h e r ,  p e r h a p s  p h y s i o l o g i c a l ,  c h a r a c t e r s  more  c l o s e l y  
r e l a t e d  t o  f i t n e s s .  
A s e c o n d a r y  a r g u m e n t  f o r  t h e  a d a p t i v e  s i g n i f i c a n c e  o f  many o f  t h e s e  
g e n e t i c a l l y  based c l i n e s  is obta ined  from p a r a l l e l i s m s  i n  t h e  v a r i a t i o n  
p a t t e r n s  i n  a  t axonomica l ly  d i v e r s e  range  of s p e c i e s  ( ~ a r b e r  1955; P o t t s  
and Reid 1985a). A common g e n e t i c  response  o f  most  s p e c i e s  t o  exposure t o  
t h e  a l p i n e  environment i n v o l v e s  a  r e d u c t i o n  i n  growth r a t e  coupled wi th  a  
d e c r e a s e  i n  l e a f  s i z e  and a n  i n c r e a s e  i n  l a m i n a  t h i c k n e s s  ( P r y o r  1957 ;  
J a c k s o n  1960; P o t t s  and  Re id  1 9 8 5 b ) .  I n  a d d i t i o n ,  t h e  r e t e n t i o n  o f  t h e  
" j u v e n i l e "  o r  " in t e rmed ia t e "  f o l i a g e  type  i n t o  t h e  r e p r o d u c t i v e l y  mature  
phase occu r s  a t  t h e  upper a l t i t u d i n a l  l i m i t  i n  & c o c c i f e r a ,  5 g u n n i i ,  g 
u r n i g e r a  and K v e r n i c o s a  and i s  i n d i c a t i v e  o f  a  g e n e r a l  t r e n d  f o r  t h e s e  
f o l i a g e  types  t o  be r e t a i n e d  longe r  i n  ex t reme envi ronments  of exposure 
and drought  ( P o t t s  and Reid 1985b). Neotenic  and paedomorphic p roces ses  
may a l l o w  r a p i d  and e x t e n s i v e  d i f f e r e n t i a t i o n  o f  t h e  a d u l t  phenotype w i t h  
t h e  minimum o f  g e n e t i c  r e s t r u c t u r i n g  and t h e s e  p r o c e s s e s  have  p r o b a b l y  
b e e n  a  s i g n i f i c a n t  f a c t o r  i n  e u c a l y p t  e v o l u t i o n  ( B a r b e r  1965 ;  P o t t s  and 
Reid 1 985  b). 
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C l i m a t i c  c h a n g e  d u r i n g  t h e  P l e i s t o c e n e  would h a v e  r e s u l t e d  i n  a 
c o m p l e x  p a t t e r n  of  b a r r i e r  f o r m a t i o n  and r e m o v a l  a s s o c i a t e d  w i t h  b o t h  
warming and c o o l i n g  phases of the  g l a c i a l  cyc l e s .  K i r k p a t r i c k  and Brown 
(1984) envisaged range o s c i l l a t i o n s  i n  h igh  a l t i t u d e  s p e c i e s ,  w i th  s m a l l  
p o p u l a t i o n s  s t r a n d e d  on h i g h  ground d u r i n g  i n t e r - g l a c i a l s ,  expanding and 
c o a l e s c i n g  d u r i n g  g l a c i a l  p e r i o d s .  P o p u l a t i o n s  would  h a v e  a l s o  been  
i s o l a t e d  by low g l a c i a l  t r e e l i n e s  and t h e r e  i s  some evidence f o r  a  major 
g l a c i a l  b a r r i e r  b e t w e e n  n o r t h e r n  and s o u t h e r n  h i g h  a l t i t u d e  e u c a l y p t  
f l o r a s  which would have a c t e d  a s  a  b a r r i e r  t o  i n v a s i o n  of mainland s p e c i e s  
and r a d i a t i o n  f r o m  a  s o u t h e a s t e r n  g l a c i a l  r e f u g i u m  ( s e e  D a v i e s  1974 ;  
K i r k p a t r i c k  and Brown 1984; P o t t s  and Reid 1985b; K i r k p a t r i c k  1 9 8 6 )  This  
i s  s u p p o r t e d  b y  t h e  a b s e n c e  o f  & c o c c i f e r a ,  5 u r n i g e r a  and t h e  
v e r n i c o s a  c l i n e  f o r m s  f r o m  w h a t  a p p e a r  t o  b e  s u i t a b l e  h a b i t a t s  on  t h e  
n o r t h e a s t e r n  mountains.  
S e v e r a l  c l i n e s  i n  t h e  T a s m a n i a n  h i g h  a l t i t u d e  e u c a l y p t s  h a v e  been  
a t t r i b u t e d  to  secondary  c o n t a c t  f o l l o w i n g  popu la t ion  m i g r a t i o n  a f t e r  t h e  
L a s t  G l a c i a l   haw fi & 1984; P o t t s  and  R e i d  1985b) .  The  c o n t i n u u m  
between g reen  (subsp.  a r c h e r i )  and g laucous  (subsp.  e) subspec i e s  of  
E. g u n n i i  on  t h e  W e s t e r n  T i e r s  i n  C e n t r a l  T a s m a n i a ,  f o r  e x a m p l e ,  i s  
-- 
thought  t o  r e p r e s e n t  a  s t a b i l i z e d  zone of secondary  i n t e r g r a d a t i o n  between 
p o p u l a t i o n s  i s o l a t e d  i n  t h e  n o r t h  ( s u b s p .  a r c h e r i )  and  s o u t h  ( s u b s p .  
g u n n i i  - " d i v a r i c a t a "  v a r i a n t )  ( p o t t s  and  R e i d  1 9 8 5 a , b ;  F i g .  8). The  
Western T i e r s  probably  r e p r e s e n t  a  l o c a l  su tu re -zone  ( ~ e m i n ~ t o n  196S), and 
due  t o  g l a c i a t i o n ,  i n t e r m e d i a t e  p o p u l a t i o n s  on t o p  c l e a r l y  o c c u r  i n  t h e  
y o u n g e r ,  and  p o s s i b l y  mos t  d i s t u r b e d ,  h a b i t a t .  E x t r e m e  morphs have  
p robab ly  d i f f e r e n t i a t e d  i n  a  c l i n a l  manner through a  s e r i e s  of p o s s i b l y  
a l l o p a t r i c  p o p u l a t i o n s .  These  e x t r e m e  morphs  p r o b a b l y  c o n t a c t e d  as 
sugges t ed  f o r  " r i n g  s p e c i e s t '  ( ~ n d l e r  1977),  a l t hough  i n  t h i s  c a s e  p r i o r  t o  
t he  development of  r e p r o d u c t i v e  b a r r i e r s  of  s u f f i c i e n t  s t r e n g t h  t o  prevent  
e x t e n s i v e  i n t r o g r e s s i o n .  
D e t a i l e d  a n a l y s i s  of  t h e  s t r u c t u r e  of  t h i s  zone  o f  i n t e r g r a d a t i o n  
( P o t t s  and  R e i d  1 9 8 5 a , b )  i n d i c a t e s  t h a t  i t  i n v o l v e s  p a r a l l e l  c l i n e s  i n  
n u m e r o u s  c h a r a c t e r s ,  and compounds a l t i t u d i n a l  v a r i a t i o n  wi th  a  nor th-  
s o u t h  g e o g r a p h i c  c l i n e  b e t w e e n  s u b s p e c i e s  ( c f .  F i g .  8 ) .  The g e n e t i c  
s t a b i l i t y  and w i d e s p r e a d  d i s t r i b u t i o n  o f  i n t e r m e d i a t e  p h e n o t y p e s ,  t h e  
g e n e r a l  absence of  s t r o n g  c h a r a c t e r  a s s o c i a t i o n s ,  and the  f a i l u r e  of  peaks 
of  v a r i a b i l i t y  t o  c o i n c i d e  a l l  sugges t  t h a t  t h e  continuum is  not of r e c e n t  
o r i g i n .  I n  f a c t ,  e s t i m a t e s  o f  t h e  p o s t g l a c i a l  c l i m a t i c  r e g i m e  (e .g .  
Macphail  1979) sugges t  t h a t  i f  secondary  c o n t a c t  occurred  a s  hypothes ized ,  
t h i s  was p r o b a b l y  a b o u t 3 0 - 4 0  g e n e r a t i o n s  a g o ,  w h i c h  would  a l l o w  many 
g e n e r a t i o n s  f o r  s e l e c t i v e  s t a b i l i z a t i o n .  Neu t r a l  secondary c o n t a c t  can be 
excluded (Barber  1955; P o t t s  1985a). However, t h e  i n t e n s i t y  of  s e l e c t i o n  
may v a r y  m a r k e d l y  b e t w e e n  c h a r a c t e r s  w h i c h  may e x p l a i n  t h e  g e n e r a l  
i n c r e a s e  i n  v a r i a b i l i t y  i n  r e p r o d u c t i v e ,  a s  opposed  t o  v e g e t a t i v e  
c h a r a c t e r s ,  observed i n  s e v e r a l  i n t e r m e d i a t e  p o p u l a t i o n s  ( ? o t t s  and Reid 
1985a) .  
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Fig. 8. E n v i r o n m e n t a l  a n d  p h e n e t i c  v a r i a t i o n  i n  & 
g u n n i i  o v e r  t h e  W e s t e r n  T i e r s ,  T a s m a n i a  ( f r o m  
P o t t s  and  R e i d  1 9 8 5 a ) .  (a), V a r i a t i o n  i n  a l t i t u d e  
( d o t s )  and ho r i zon  cu t -o f f  a n g l e s  (columns) t aken  from 
N W ,  W ,  SW and  S b e a r i n g s .  ( b ) ,  V a r i a t i o n  i n  CV1 
( o p e n  c i r c l e s )  a n d  CV2 ( s o l i d  c i r c l e s )  d e r i v e d  f r o m  
c a n o n i c a l  v a r i a t e s  a n a l y s i s  o f  15 a d u l t  morphometr ic  
c h a r a c t e r s  and  b a s e d  o n  p o p u l a t i o n  s a m p l e s  f r o m  
th roughou t  t he  geog raph i c  range  o f  E. gunn i i .  CV1 was 
h i g h l y  c o r r e l a t e d  w i t h  a l t i t u d e ,  w h e r e a s  CV2 m a i n l y  
d i f f e r e n t i a t e d  s u b s p .  a r c h e r i  f r om s u b s p .  gunnii. 
C a n o n i c a l  v a r i a t e s  h a v e  b e e n  s t a n d a r d i z e d  t o  u n i t  
r a n g e .  ( c ) ,  V a r i e t i o n  i n  t h e  p r o p o r t i o n  o f  non- 
g l a u c o u s  i n d i v i d u a l s  ( o p e n  c i r c l e s )  a n d  t h e  mean 
f l o w e r i n g  t ime  i n  t h e  1980 s e a s o n  ( s o l i d  c i r c l e s )  
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POPULATION MIGRATION 
The d y n a m i c s  o f  m i g r a t i o n  mus t  be examined  t o  f u l l y  u n d e r s t a n d  t h e  
response  of  popu la t ions  to a  f l i i c t u a t i n g  s e l e c t i v e  mosaic. I n  the  lowland 
f l o r a ,  t h e  dynamics of  popu la t ion  mig ra t ion  a s s o c i a t e d  w i t h  a  s e l e c t i v e  
d i s e q u i l i b r i u m  a t  t h e  boundary between two c l o s e l y  r e l a t e d  spec i e s  have 
b e e n  examined  ( P c t t s  1985b) .  T h e r e  i s  a  marked i n e r t i a  i n  p o p u l a t i o n  
response  due to ext remely  s l o w  popu la t ion  tu rnove r  and l i m i t e d  d i s p e r s a l  
p o t e n t i a l  ( c f .  D a v i s  1981) .  F u r t h e r m o r e ,  f l u c t u a t i o n s  i n  t h e  s e l e c t i v e  
regime a t  a  boundary may r e s u l t  i n  t he  breakdown of d e l i c a t e  b a r r i e r s  t o  
h y b r i d i z a t i o n  b e t w e e n  c l o s e l y  r e l a t e d  s p e c i e s ,  w h i c h  i n  e u c a l y p t s  have  
both  a  g e n e t i c  and e c o l o g i c a l  b a s i s  (P ryo r  1976). Where seed mig ra t ion  is 
l i m i t e d ,  boundary movements may be he ra lded  by a wave of h y b r i d i z a t i o n  due 
p a r t l y  t o  p ~ ? ~ l e n  swamping of t he  s p e c i e s  witii t h e  l o w e s t  f i t n e s s  ( P o t t s  
i985b).  Hybrid swarms may develop  bu t ,  a t  t he  boundary o f  l a r g e  s t a n d s  a t  
l e a s t ,  a r e  probably  t r a n s i t o r y .  
I n v a s i o n  of  h a b i t a t  i s l a n d s  
While s p e c i e s  replacement  w i l l  o f t e n  occu r  a long  cont inuous  m i g r a t i o n  
r o u t e s  (e .g .  a l t i t u d i n a l  s h i f t s ) ,  t h e  p a t c h y  n a t u r e  of  t h e  e n v i r o n m e n t  
w i l l  f r e q u e n t l y  p r e v e n t  o r  r e t a r d  m i g r a t i o n  a s  a  f r o n t .  A d a p t a t i o n  t o  
h a b i t a t  i s l a n d s  w i t h i n  a s p e c i e s  r a n g e  ( c r e a t e d  by c l i m a t i c  c h a n g e  f o r  
example) may then  o c c u r  by i n  s i t u  p a r a p a t r i c  o r  sympa t r i c  d i f f e r e n t i a t i o n  
f r o m  v a r i a t i o n  i n h e r e n t  w i t h i n  t h e  l o c a l  g e n e - p o o l  o r  by l o n g  d i s t a n c e  
m i g r a t i o n  o f  a  p r e - a d a p t e d  s p e c i e s  ( o r  g e n o t y p e ) .  I n  t h e  a b s e n c e  o f  
c o m p e t i t i o n ,  v i a b l e  p o p u l a t i o n s  c a n  p r o b a b l y  be m a i n t a i n e d  on s u c h  
e c o l o g i c a l l y  marg ina l  s i t e s ,  p a r t i c u l a r l y  when supplemented by d i s p e r s a l  
from su r round ing  s i t e s .  However, an e v o l u t i o n a r y  response  w i l l  depend on  
t h e  r e l a t i v e  p r o b a b i l i t y  of l o c a l  a d a p t a t i o n  v e r s u s  l o n g  d i s t a n c e  
i n v a s i o n ,  and t h i s  w i l l  depend on numerous  f a c t o r s  (e .g .  g e n e t i c  
d i v e r s i t y ,  deg ree  o f  i s o l a t i o n ,  d i s p e r s a l  p o t e n t i a l ,  pa t ch  s i z e ,  etc.; c f .  
MacArthur and Wilson 1967). 
The modes of i n v a s i o n  o f  h a b i t a t  i s l a n d s  w i t h i n  t h e  r a n g e  of  a  
p o t e n t i a l l y  i n t e r b r e e d i n g  s p e c i e s  a r e  shown i n  Fig.  9. The mechanism o f  
i n v a s i o n  by p o l l e n  m i g r a t i o n  h a s  been  d e t a i l e d  i n  s e v e r a l  low a l t i t u d e  
e u c a l y p t s  ( P o t t s  a n d  R e i d  1983 ;  P o t t s  1 9 8 7 )  a n d  may be a n  e f f e c t i v e  
mechan i sm o f  s p e c i e s  m i g r a t i o n  i n  t a x a  where r e p r o d u c t i v e  b a r r i e r s  a r e  
weak and seed  m i g r a t i o n  is l i m i t e d .  Th i s  mechanism invo lves  long d i s t a n c e  
p o l l e n  d i s p e r s a l  and h y b r i d i z a t i o n  fo l lowed  by b a c k - s e l e c t i o n  t o  t h e  co- 
adapted  gene  combinat ions  of  t h e  p o l l e n  p a r e n t  from a  s e g r e g a t i n g  h y b r i d  
swarm.  C h a r a c t e r  c o h e s i o n  w i l l  t e n d  t o  i n c r e a s e  t h e  p r o b a b i l i t y  o f  
p a r e n t a l  g e n e  c o m b i n a t i o n s  b e i n g  d e r i v e d  by s e g r e g a t i o n  (e.g.  H a r t l e y  
1 9 6 5 ) ,  a s  w i l l  s u b s e q u e n t  b a c k c r o s s i n g  r e s u l t i n g  f r o m  o t h e r  d i s p e r s a l  
e v e n t s .  A l t e r n a t i v e l y ,  i f  t h e  h a b i t a t  i s  s u i t e d  t o  a  c o m b i n a t i o n  o f  
p a r e n t a l  c h a r a c t e r i s t i c s ,  s e l e c t i o n  may r e s u l t  i n  t h e  s t a b i l i z a t i o n  of a  
h y b r i d  p r o d u c t .  Even where  t h e  i n i t i a l  f o u n d e r  e v e n t  o c c u r s  by l o n g  
d i s t a n c e  s e e d  m i g r a t i o n ,  t h e  p r o x i m i t y  o f  t h e  f o u n d e r  t o  p l a n t s  of  t h e  
o t h e r  s p e c i e s  and p o l l e n  swamping from the  more common s p e c i e s  ( s e e  Lewis 
1961;  L e v i n  i 9 7 8 a , b ;  1983)  may r e s u l t  i n  a p h a s e  o f  h y b r i d i z a t i o n  i n  a n  
e x p a n d i n g  f o u n d e r  p o p u l a t i o n  wh ich  would  a l l o w  a m p l e  o p p o r t u n i t y  f o r  
a d a p t i v e  o r  non-adapt ive  gene exchange. A t  one ex t r eme  of hyb r id  f i t n e s s ,  
t h i s  may r e s u l t  i n  a n  " i n v a s i o n  c l i n e "  ( s e e  B a k e r  1 9 5 1 ) ;  a t  t h e  o t h e r  
e x t r e m e ,  t h e  s e l e c t i v e  p r e s s u r e  f o r  t h e  d i s p l a c e m e n t  of  r e p r o d u c t i v e  
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c h a r a c t e r s  t o  a v o i d  h y b r i d i z a t i o n  ( i . e .  W a l l a c e  E f f e c t ;  G r a n t  1971) w i l l  
h e  maximized i n  s m a l l  f o u n d e r  p o p u l a t i o n s .  
P o p u l a t i o n  e x t i n c t i o n  
The u p s l o p e  m i g r a t i o n  of  p o p u l a t i o n s  on many i s o l a t e d  m o u n t a i n s  and 
. . - - - 
h i l l s  f o l l o w i n g  d e g l a c i a t i o n  would have s e e n  a c o n t r a c t i o n  of p o p u l a t i o n  
s i z e ,  i n  many c a s e s  c u l m i n a t i n g  i n  e x t i n c t i o n .  T h e r e  a r e  many s m a l l  
p o p u l a t i o n s  o f  t h e s e  h i g h  a l t i t u d e  e u c a l y p t s  i s o l a t e d  a t  r e l a t i v e l y  l o w  
a l t i t u d e s  o n  p e r i p h e r a l  h i l l s  a n d  m o u n t a i n s  t h r o u g h o u t  T a s m a n i a  
( p a r t i c u l a r l y  t h e  s o u t h e a s t )  and t h e r e  is  l i t t l e  d o u b t  t h a t  t h e y  r e p r e s e n t  
pre-adapted 
source 
population / (A) \ 
seed pollen 
I 
migration --,,, ,,,,,,, 
1 
dlspersal 1 I back- 
( founder  populatlon) (pollen swamping) hybridization crossing 
I 
I 
I 
I 
i !'3 
founder 
I 
hybrid swarm 
effect 
(A) 
Plg. 9. Modes of  l n v a s l o n  o f  h a h l t a t  l s l a n d s  w r t h l n  
t h e  r a n g e  of a  p o t e n t i a l l y  ~ n t e r b r e e d i n g  s p e c l e s  
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t h e  r e m n a n t s  o f  a more  c o n t i n u o u s  g l a c i a l  d i s t r i b u t i o n .  I n  E.  g u n n i i ,  
many of t he  s m a l l  p e r i p h e r a l  i s o l a t e s  i n  t he  e a s t  a r e  p h e n e t i c a l l y  unique 
and h i g h l y  v a r i a b l e  ( P o t t s  and Reid 1985a),  and i n  many cases  t h i s  appea r s  
t o  be t h e  r e s u l t  of h y b r i d i z a t i o n  wi th  su r round ing  lowland s p e c i e s  ( P o t t s  
and  R e i d  1985b) .  Whi l e  h y b r i d i z a t i o n  may n o t  seem i m p o r t a n t  a t  t h e  
boundary of l a r g e  s t a n d s ,  i t  may have impor t an t  e v o l u t i o n a r y  consequences 
i n  s m a l l  p e r i p h e r a l  i s o l a t e s  where t he  nuc l eus  o f  t h e  s tand  may c o n t r a c t  
t o  t h e  p o i n t  where s e l e c t i o n  is unable t o  counter -ba lance  p o l l e n  swamping 
from su r round ing  more abundant s p e c i e s  ( s e e  K i r k p a t r i c k  fi & 1977; P o t t s  
and Reid 1985b). Genet ic  i nvas ion  may e v e n t u a l l y  r e s u l t  i n  phantom hybr id  
p o p u l a t i o n s  (e.g. Pa r sons  and K i r k p a t r i c k  1972) and even the  a s s i m i l a t i o n  
o f  t h e  g e n e t i c  r e m n a n t s  i n t o  t h e  g e n e - p o o l  o f  t h e  i n v a d i n g  s p e c i e s  (e.g.  
B a k e r  1951;  H a r l a n d  a n d  d e  Wet 1963) .  I n  c o n t r a s t ,  s l o w  g e n e  e x c h a n g e  
w i t h  cont iguous  s p e c i e s  may be one means by which s m a l l  r e l i c t  popu la t ions  
may r e t a i n  e v o l u t i o n a r y  f l e x i b i 1 i . t ~  ( ~ i r k ~ a t r i c k  1976). 
I n  some cases ,  s p e c i f i c  i n t e g r i t y  may only  be broken down i n  t he  l a s t  
s t a g e s  of e x t i n c t i o n  when p o l l e n  swamping i s  a t  a  maximum, r e s u l t i n g  i n  
l o c a l i z e d  i n t r o g r e s s e d  patches.  S e v e r a l  p e r i p h e r a l  i s o l a t e s  o f  E. g u n n i i  
appea r  t o  demons t r a t e  t h i s  process .  However, when r ep roduc t ive  b a r r i e r s  
a r e  poor ly  e s t a b l i s h e d  i n t r o g r e s s i o n  may be more widespread  and t h i s  seems 
t o  be t h e  c a s e  f o r  6- c o c c i f e r a  and E. n i t i d a  d e t a i l e d  by Shaw 
( 1 9 8 4 )  F o r  m o s t  o f  t h e i r  g e o g r a p h i c  r a n g e  t h e s e  s p e c i e s  o c c u r  i n  
e n t i r e l y  d i f f e r e n t  r e g i o n s  o f  t h e  i s l a n d .  However ,  on t r a n s i t i o n a l  
mounta ins  both  co-occur and e x t e n s i v e  popu la t ions  of  E. n i t i d a  a t  t he  base  
c l i n a l l y  i n t e r g r a d e  i n t o  f o r m s  r e s e m b l i n g  & c o c c i f e r a  a t  h i g h e r  
a l t i t u d e s .  On m o u n t a i n s  s u c h  a s  Tim S h e a ,  i n t e r m e d i a t e s  e x t e n d  o v e r  a  
c o n s i d e r a b l e  a l t i t u d i n a l  range  and on ly  s m a l l  pa t ches  of  the  more extreme 
p h e n o t y p e s  r e s e m b l i n g  & c o c c i f e r a  o c c u r  n e a r  t h e  summi t .  I t  i s  a r g u e d  
t h a t  t h e s e  p a t c h e s  a n d  a s s o c i a t e d  c l i n e s  a r e  p r o b a b l y  a  r e s u l t  o f  t h e  
u p s l o p e  m i g r a t i o n  and r a d i a t i o n  o f  5 c o c c i f e r a  i n t o  t h e  r a n g e  o f  & 
n i t i d a  s i n c e  t h e  L a s t  G l a c i a l  (Shaw etet1984). The s m a l l  p a t c h  n e a r  
-
t h e  s u m m i t  of  Tim S h e a ,  f o r  e x a m p l e ,  a p p e a r s  t o  h a v e  been  swamped by & 
n i t i d a  g e n e s  t o  t h e  p o i n t  whe re  i t  i s  a p p r o a c h i n g  a phantom h y b r i d  
-
p o p u l a t i o n  and the  a l t i t u d i n a l  c l i n e s  p r o b a b l y  p a r t l y  r e f l e c t  a  g e n e t i c  
t r a i l  o f  t h e  p o s t g l a c i a l  m i g r a t i o n  r o u t e  of  & c o c c i f e r a .  
I n  c o n t r a s t  t o  t he  c l a s s i c a l  i d e a s  on popu la t ion  "bot t le -necks"  (Mayr 
1 9 6 3 ) ,  i t  is s u g g e s t e d  t h a t  i n  g e n e r a ,  s u c h  a s  E u c a l y p t u s ,  whe re  
r e p r o d u c t i v e  b a r r i e r s  a r e  weak, "bot t le -necks"  may be a s s o c i a t e d  wi th  a  
d r a m a t i c  r e l e a s e  of  v a r i a b i l i t y  a r i s i n g  from h y b r i d i z a t i o n  and t h i s  may 
h a v e  i m p o r t a n t  e v o l u t i o n a r y  r a m i f i c a t i o n s .  P e r i p h e r a l l y  i s o l a t e d  a n d  
e c o l o g i c a l l y  m a r g i n a l  p o p u l a t i o n s  p l a y  a  c e n t r a l  r o l e  i n  e v o l u t i o n a r y  
t h e o r y  (Mayr  1963 ;  E n d l e r  1977) .  The combined  e f f e c t s  o f  i s o l a t i o n ,  
p o p u l a t i o n  s i z e  (Mayr 1963), and a t y p i c a l ,  o r  c a t a s t r o p h i c  (Lewis 1962), 
s e l e c t i v e  regimes  make the  p r o b a b i l i t y  of  e x t i n c t i o n  high. Neve r the l e s s ,  
Levin (1970) noted  t h a t  "major s h i f t s  i n  t h e  a d a p t i v e  mode and s u c c e s s f u l  
expans ion  from r e f u g i a  a r e  of s u f f i c i e n t  f requency t o  r ende r  t he  s p e c i e s  
bo rde r  an a r e a  of a c t i v e  spec i a t i on" .  D i r e c t i o n a l  s e l e c t i o n  may r e s u l t  i n  
a  s p e c i e s  be ing  r e s u r r e c t e d  from i t s  g e n e t i c  remnants  i n  a  v a r i a b l e  gene- 
pool  ( K i r k p a t r i c k  and Brown 1984). However, i t  is  a l s o  p o s s i b l e  t h a t  i n  a  
co-adapted m u l t i - g e n i c  sys tem,  a d i f f e r e n t  g e n e t i c  s t a r t i n g  p o i n t ,  a long  
w i t h  chance even t s ,  may l ead  t o  a  unique e v o l u t i o n a r y  product  d e s p i t e  an  
i d e n t i c a l  s e l e c t i v e  environment.  While Mayr (1963) s t r e s s e d  the  p o t e n t i a l  
f o r  a " g e n e t i c  r evo lu t ion"  a s s o c i a t e d  w i t h  t h e  l o s s  of  g e n e t i c  v a r i a b i l i t y  
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d u r i n g  p o p u l a t i o n  " b o t t l e - n e c k s " ,  Levin (1970) a rgued  t h i s  may a l s o  a r i s e  
i n  p e r i p h e r a l l y  i s o l a t e d  p o p u l a t i o n s  f o l l o w i n g  h y b r i d i z a t i o n  d i s r u p t i n g  
d e v e l o p m e n t a l  h o m e o s t a s i s  a n d  t h i s  may s e r v e  a s  a s t i m u l u s  f o r  m a j o r  
b u r s t s  o f  e v o l u t i o n a r y  change. 
COBCLUSIOIIS 
I n  c o n c l u s i o n ,  we emphas ize  t h e  s i g n i f i c a n c e  of  b o t h  h i s t o r i c a l  and 
e c o l o g i c a l  f a c t o r s  a s  d e t e r m i n a n t s  o f  t h e  p a t t e r n s  o f  v a r i a t i o n  i n  t h e  
Tasmanian  h i g h  a l t i t u d e  e u c a l y p t s .  The e x t a n t  v a r i a t i o n  p a t t e r n s  c a n  a t  
l e a s t  p a r t l y  b e  e x p l a i n e d  i n  t e r m s  o f  a  r e s p o n s e  o f  p o p u l a t i o n s  t o  p a s t  
f l u c t u a t i n g  s e l e c t i v e  f o r c e s .  R e t i c u l a t e  o r  a n a s t a m o s i n g  e v o l u t i o n  i s  
p r o b a b l y  c o m m o n ,  w i t h  b o t h  p r i m a r y  ( p a r a p a t r i c  a n d  a l l o p a t c i c )  
d i f f e r e n t i a t i o n  and h y b r i d i z a t i o n  b e i n g  i m p o r t a n t  e v o l u t i o n a r y  p r o c e s s e s .  
T h e  c l a s s i c a l  i d e a s  o f  p o p u l a t i o n  " b o t t l e - n e c k s " ,  a r i s i n g  f r o m  f o u n d e r  
e v e n t s  o r  r a n g e  r e s t r i c t i o n ,  r e s u l t i n g  i n  a r e d u c t i o n . o f  v a r i a b i l i t y  
s h o u l d  b e  r e - a s s e s s e d .  I n  g e n e r a  s u c h  a s  E u c a l y p t u s ,  t h e  g e n e t i c  
i n t e r a c t i o n  w i t h  p o t e n t i a l l y  i n t e r b r e e d i n g  s p e c i e s  c o u l d  r e s u l t  i n  a  
d r a m a t i c  r e l e a s e  o f  v a r i a b i l i t y  i n  p e r i p h e r a l l y  i s o l a t e d  p o p u l a t i o n s  which 
may have  i m p o r t a n t  e v o l u t i o n a r y  consequences .  
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